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(54) EMI shielding having flexible conductive sheet and I/O gasket 



(57) An electronic device is shielded against elec- 
tromagnetic interference using a flexible conductive 
sheet forming a shield barrier or enclosure. The sheet 
has electrically insulating polymer material exposed on 
the surface of at least one face. Conductive material is 
embedded in or laminated on the sheet so as to be ex- 
posed selectively. More particularly, a nonconductive 
surface area is formed, especially oriented inwardly to 
avoid electrical shorts, but also exposed inwardly or out- 
wardly where necessary to ground the shield barrier or 
to engage with another conductive body. The flexible 
sheet can form a loose envelope with a flange-like gas- 
ket at an open end. The gasket can be used to improve 
physical contact with a conductive body, and preferably 



also admits I/O connectors that need to traverse the 
shield barrier, and advantageously have external shield- 
ing that is grounded to the shielding barrier for continu- 
ing the shielding enclosure. Alternatively or additionally, 
openings are provided in the sheet for access, the con- 
ductive material being insulated around a perimeter or 
the openings by insulating lips which prevent unwanted 
shorting. This permits changing or adding circuit chips 
without removing the shield, and can be provided with 
a flap closure for minimizing the gap in the shield. The 
flexible envelope can be joined to a circuit ground by 
clamping the gasket or the conductive fibers on an ex- 
posed face to a the I/O connector, to a common ground, 
or to an external grounded panel. 
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Description 

Background of the Invention 

1. Field of the Invention 

The invention relates to improvements in shielding 
for blocking propagation of electromagnetic interference 
("EMI") associated with circuits, housings and sub- 
assemblies, of a type using a flexible electrically con- 
ductive sheet material that loosely encloses a source of 
EMI or a circuit susceptible to EMI, and thereby prevents 
high frequency energy from passing a shielding bound- 
ary. 

According to certain inventive aspects, the flexible sheet 
material can be combined with or formed to define a gas- 
ket that is conductively sealable to an opposed conduc- 
tive element such as a housing or backplane panel. This 
is useful to continue a conductively sealed enclosure at 
the perimeters of openings, for example, among other 
possibilities, around input/output connectors which 
traverse a shielding boundary. 

The sheet material can have an electrically conductive 
surface exposed on one of two opposite faces of the 
sheet material, the other face being insulated such that 
contact with the shielded circuit does not produce an 
electrical short. Preferably, however, selectively con- 
ductive and insulated areas are provided on both sides 
of the sheet, for achieving certain objects. For example, 
a positive connection can be made by an exposed con- 
ductive surface on at least one side of the sheet mate- 
rial, for contact with one or more of the electronic equip- 
ment, a shielded circuit therein and a connector travers- 
ing a shielding boundary, typically for connecting to a 
circuit ground. 

The sheet material can comprise one or more open- 
ings for access through a conductive area, for example 
at which the sheet material comprises a conductive flap 
overlying a hole in the sheet material. In the event of 
such openings, an insulating lip can be provided sur- 
rounding the opening. The conductive material can be 
spaced back from the edges of the opening, or covered 
over by an insulating surface material adjacent the edg- 
es, the insulating lip preventing electrical shorting adja- 
cent the opening. 

The sheet is suitable for the shielding of various 
types of electrical circuits including, but not limited to 
printed circuit cards of portable computers, notebook or 
palmtop devices, disc drives, power supplies and inter- 
nal circuit subassemblies, and similar compact electron- 
ic devices for which signal or power conductors pass 
through the shielding boundary. The invention permits 
a nearly continuous and effectively gapless enclosure 
to be made and conveniently used for shielding relative- 
ly high frequencies associated with modern electronic 
equipment. 



2. Prior Art 

It is known to enclose electric circuits in a conduc- 
tive enclosure coupled to a circuit ground, to attenuate 

5 electromagnetic radiation emitted from or received by 
the circuits. A conductive shielding enclosure may have 
gaps, which may or may not adversely affect the shield- 
ing efficiency or the extent of attenuation, depending on 
the frequencies to be shielded. To attenuate relatively 

10 high frequency radiation effectively, any gaps must be 
correspondingly small. 

In connection with computing and radio communi- 
cations equipment, the frequencies of clock oscillators, 
multiplying phase locked loops and similar circuits may 

is be quite high. The basic clock speed of a conventional 
personal computer, for example, typically ranges from 
25 to 100MHz, and advances are pushing clock speeds 
upwardly. Circuits producing signals at different fre- 
quencies produce harmonics at the sum and difference 

20 of the frequencies. Data and clock signals comprising 
square waves are also characterized by harmonics. A 
computer or the like thus may produce objectionable 
harmonics up to 900MHz and higher, requiring a very 
intensive shield, i.e., a nearly gapless enclosure which 

25 js quite conductive and is placed close to the circuits 
that emit or are sensitive to the electromagnetic radia- 
tion. 

The most common forms of shielding comprise one 
or both of sheet metal structures forming boxes, and 
30 conductive plastic materials or coatings. A normally- 
nonconductive plastic can be made conductive by in- 
cluding metal fibers or particles, by applying a metallic 
coating layer, or by laminating the housing from a series 
of conductive and nonconductive sheets. Such tech- 
35 niques are disclosed, for example, in US Patents 
5,137,782 - Adriaensen, et al. (embedded wires); 
5,164,542 - Hart (laminated wire screen); 5,170,009 - 
Kadokura (electrodeposited coating); and 5,226,210 - 
Koskenmaki, et al. (conductive paint coating). Such 
40 techniques provide a form of shielding, but add to man- 
ufacturing complexity, particularly if the internal surface 
facing the shielded circuitry must be made nonconduc- 
tive to avoid shorting, free of gaps, for example caused 
by scratching a coating, and provided with sufficient 
45 conductive and/or magnetically permeable material to 
substantially attenuate incident fields. 

Although the most common shield material is sheet 
metal, shields can be made using metallized plastics. A 
product known as QuietShield, available from AMP, Inc., 
so employs laminates of metalized plastic fabric and selec- 
tively applied insulating layers and adhesives, enabling 
the material to be folded into box-like shapes. In general, 
such products benefit from the low weight of the plastic 
materials and the capability of folding them. 
55 Another possibility is to apply an insulating plastic 
coating directly on a circuit, component, or metal shield 
barrier. In US Patent 4,670,347 - Lasik et at. insulating 
materials are laminated with a metal ink layer. In US Pat- 
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ent 5,1 66,864 -Chitwoodet al.. or Japanese Patent Ap- 
plication H 2-77276 - Kuno et al. (laid open December 
6, 1991), insulated shielding materials are attached di- 
rectly onto a circuit card populated with components. 
This places the conductive material over the compo- 
nents, but is substantially permanent. 

According to commonly owned U.S. patent applica- 
tion SN 08/163,939: filed December 12, 1993, now U. 
S. Patent No._ __ > shielding can be ad- 
vantageously provided in the form of a flexible noncon- 
ductive envelope with embedded conductive material 
such as sheet metal or conductive fibers sufficient to 
provide a low resistivity as needed for electromagnetic 
shielding, namely on the order of 10" 1 to 10* 2 £2/Dor less, 
and a nonconductive surface facing toward the shielded 
circuit. The envelope forms a loose flexible shielding 
bag and is arranged around the shielded circuit. An 
opening such as a shielded neck leading to an opening 
can be provided for input/output conductors which 
traverse the boundary of the envelope. The envelope is 
grounded, for example, to a ground on the electronic 
equipment contained within the envelope, or to a ground 
point on an input/output connector, etc. 

It is known to provide electrostatic discharge pro- 
tection as a permanent feature of a circuit card mount- 
ing, for example as in US Patent 5,005,1 06 - Kiku, where 
such a structure protects the circuitry of an integrated 
circuit bank card or smartcard from electrostatic dis- 
charge, and resides in a plastic housing with the circuit- 
ry This unit is self contained, and thus the electrostatic 
discharge material does not interfere with other aspects 
of circuit operation and mounting. The discharge-pro- 
tective structure does not form a complete envelope 
around the affected circuit. Kiku uses a minimally con- 
ductive film rather than highly conductive embedded 
material as needed for shielding against electromagnet- 
ic interference. No means are provided such as an ex- 
tension neck, access opening or the like for dealing with 
passage of conductors or access to the circuit elements. 

It is known to provide an opening in an RF shield 
through which conductors can pass. U.S. Patent 
3,383,455 - Kerley discloses an RF shield in the form of 
an elongated sleeve constructed of a metal mesh which 
encapsulates an electrical component to be shielded. A 
small opening is provided in the sleeve which is fitted 
with an insulating grommet, the opening providing an 
egress for the lead wires which originate from the com- 
ponent. The grommet appears to provide abrasion pro- 
tection for the lead wires in the event mechanical vibra- 
tion causes movement between the lead wires and the 
sleeve. Since the lead wires are isolated from the sleeve 
by the insulating grommet, the sleeve is not in any way 
electrically coupled to the lead wires. The grommet has 
a circular opening and several round conductors are 
passed through that opening, leaving gaps between the 
lead wires and the grommet. This type of arrangement 
is not structured to provide high attenuation in high fre- 
quency shielding applications. 



U.S. Patent 4,785,136 - Mollet el al. discloses an 
EMI shielding coverfora computer terminal. The shield- 
ing cover is formed from a conductive fabric sheet. The 
conductive sheet has an opening with re-closable upper 
5 and lower tabs which provide a 1 means for passing one 
or more cables through the sheet. Mollet is consistent 
with Kerley in that the conductive sheet is not in any way 
coupled to the ground or shield layer of the cable. 

Circuits may be sensitive due to high gain, opera- 
te tion at high frequencies, the use of components and 
structures conducive to inductive orcapacitive coupling, 
etc. Some of the same aspects may characterize circuits 
that emit offending high frequency electromagnetic ra- 
diation. To attenuate an incident EMI field in such situ- 
15 ations requires substantially more conductive material 
arranged in a more complete conductive enclosure than 
may be needed, for example, to protect against damage 
from electrostatic discharge <ESD). 

In view of the operational frequencies and character 
20 of many modern circuits, a rea$onably adequate shield 
for EMI purposes would attenuate radiation at least by 
50 to 60dB over a frequency range of 30MHz to 1.0GHz 
or more. To achieve this the shield needs to be substan- 
tially continuous and must enclose the shielded circuits 
25 closely and completely, i.e. , forming a closed highly con- 
ductive envelope. Whereas electrostatic discharge 
packaging may be sufficiently conductive to dissipate a 
static charge at a surface resistivity of 1 0+ 1 to 10+ 12 O/ 
□, electromagnetic shielding for attenuating incident 
30 EMI fields has a surface resistivity of 1 0" 1 to 1 0* 7 QO 
It would be advantageous to provide a flexible sheet 
which is formed at least partly ihto a flexible bag-like en- 
closure and is as highly conductive as a shield of rigid 
sheet metal panels and/or boxes. It would also be ad- 
35 vantageous to provide a gasket which provides a con- 
ductive seal for input/output connectors which traverse 
the boundary of the enclosure. The present invention 
concerns a low-resistivity flexible shielding sheet that is 
formed at least partially into ah enclosure that can be 
40 mounted in a device such as a portable computer or the 
like for shielding an included circuit assembly, or per- 
haps for shielding subassemblies forming part of the cir- 
cuit assembly. The sheet can have conductive and in- 
sulated areas on both sides. At! least one conductive ar- 
45 ea can provide a means for sinking EMI energy from the 
sheet to ground. At least one opening can be provided 
in a conductive area of the sheet, the opening providing 
access to the circuit and/or means for passing signal 
lines or power lines through the shield barrier. The con- 
50 ductive material is spaced back from the edges of the 
opening thereby defining an insulated edge which pre- 
vents shorting of electrical components on the circuit 
and/or other sensitive surrounding areas. 

55 Summary of the Invention 

It is an object of the invention to provide electromag- 
netic shielding comprising a flexible conductive sheet of 
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very low resistivity, an electrical surface insulation along 
at least part of an inside surface, and means optimally 
forming the sheet substantially into a barrier for attenu- 
ating incident EMI fields. 

It is an object of the invention to provide high fre- s 
quency electromagnetic shielding in the form of a flexi- 
ble conductive sheet, insulated along at least part of an 
inside surface : and means for forming the sheet into an 
electrically continuous flexible envelope that can shield 
a circuit without providing a fixed, rigid or surface con- 10 
forming shield structure. 

It is another object to facilitate shielding of devices 
requiring access and/or passage of conductors through 
a shielding barrier, together with minimal gaps in the 
shield barrier. 15 

It is another object to provide shielding for grounded 
or shielded connectors which pass through a sheet of 
shielding material by facilitating electrical connection 
between the connector ground and the sheet. 

It is another object to provide high frequency elec- 20 
tromagnetic shielding in the form of a flexible conductive 
sheet having selectively conductive and insulated areas 
on both sides. 

It is another object to provide high frequency elec- 
tromagnetic shielding in the form of a flexible conductive 2s 
sheet having at least one conductive area formed with 
an opening at which the conductive area is spaced back 
from edges of the opening, the edges are insulated to 
provide Blip that prevents shorting of the shield to elec- 
trical components on the circuit. 

It is also an object to provide a shield structure that 
is inexpensive and effective! for shielding, and also is 
lightweight and compact as appropriate for portable 
electronic apparatus such as computers and communi- 
cation devices. 

These and other objects are accomplished in an 
electronic device such as a portable computer, shielded 
against electromagnetic inteirference according to the 
invention, using a flexible sheet that at least partially sur- 
rounds a circuit card within the housing of the device. 
The flexible sheet forms at least a partial shielding en- 
closure and has an electrically insulating flexible sheet 
and at least one area of conductive material such as 
sheet metal or conductive fibers embedded in the flexi- 
ble sheet so as to define insu jated and conductive areas 
on one or both sides of the sheet. The insulating sheet 
can comprise a thermoplastic polymer, for example 
comprising polyethylene, polyethylene terephthalate, 
polyvinyl chloride, or the likev and sufficiently flexible to 
form a loose fitting bag-like enclosure. 

The conductive material can comprise elemental 
metal or alloy, metalized polymer, screen, wire mesh, 
knitted or braided conductive filament (e.g., a single or 
multifilament wire or conductK/ely coated fiber), woven 
wire, metal fibers, metal alloy fibers, metallized nylon 
fibers, conductive fabrics or the like. The conductive 
bodies or particles are sufficiently dense to obtain a re- 
sistivity of 1f> 1 to 10-2 fl/Q The sheet forms at least a 



partial hollow envelope, preferably flexible, with the con- 
ductive fibers coupled electrically across a seam, for ex- 
ample by heat sealing sufficiently to join the conductive 
fibers and die cutting, if necessary, outside of the seal. 

According to an inventive aspect, a conductive EMI 
shielding gasket is lormed integrally with the envelope, 
and provides a means by which the shield enclosure can 
be fixed to a further conductive body so as to provide a 
shield around the perimeter of any openings, connec- 
tors, conductors or the like that pass the shield barrier. 
The conductive gasket can be formed by folding an edge 
of the flexible sheet around a resilient means such that 
at least an area of conductive fibers face toward a con- 
ductive body against which the conductive gasket is to 
engage. The resilient means can be provided by the 
electrically insulating flexible sheet, forming an integral 
EMI gasket coupled to the flexible sheet. The resilient 
means or gasket can be provided in part by inserting a 
resilient material such as a polyurethane foam core or 
the like, against which the sheet is compressed against 
conductive housing surfaces when mounted. 

In one embodiment the gasket is formed from a wid- 
ened strip of the flexible sheet. The widened strip is fold- 
ed to encapsulate a polyurethane foam core. The flexi- 
ble sheet is then heat sealed or laminated to itself to 
complete the foam encapsulation, and formation of a 
gasket integral with the flexible envelope. The combined 
flexible envelope, embedded fibers and foam core can 
be die cut as needed to the desired shape. 

The gasket provides a physical contact between 1/ 
O connectors requiring electrical ground and the em- 
bedded fibers of the conductive sheet material. In appli- 
cation the gasket is pressed firmly against the connector 
or other conductive surface, thereby compressing the 
foam core. The resulting reactive force presses the flex- 
ible sheet and embedded fibers against the metal I/O 
connector shield or the like, to achieve good and con- 
tinuous electrical contact. 

Brief Description of the Drawings 

There are shown in the drawings certain exemplary 
embodiments of the invention as presently preferred. It 
should be understood that the invention is not limited to 
the embodiments disclosed as examples, and is capa- 
ble of variation within the scope of the appended claims. 
In the drawings, 

FIGURE 1 is a perspective view of a circuit card en- 
closed within a thin, flexible electromagnetic shielding 
envelope according to the invention. 

FIGURE 2 is a cross sectional view of the arrange- 
ment of FIGURE 1 along line 2-2. 

FIGURE 3 is a side sectional view of the arrange- 
ment of FIGURE 1 along line 3-3. 

FIGURE 4 shows the process of making a gasket 
in accordance with the invention. 

FIGURE 5 shows a front view of a flexible sheet in 
combination with a gasket in accordance with the inven- 



ts 



so 



7 



EP 0 742 683 A1 



8 



tion which is ready for die cutting. 

FIGURE 6 shows an alternate embodiment wherein 
the flexible sheet is formed into an envelope having a 
first and second flap. 

FIGURE 7 shows the envelope of FIGURE 6 where- 
in the first and second flaps are folded to form a first and 
second gasket. 

FIGURE 6 is a side view of the first and second gas- 
ket of FIGURE 7. 

FIGURE 9 shows an alternate embodiment wherein 
the flexible sheet has an opening and the edge of the 
conductive layer is insulated around a conductive flap. 

FIGURE 10 is a sectional view of the flexible sheet 
of FIGURE 9, the edge of the conductive layer of the 
flap being retained in the opening under the flap. 

FIGURES 1ia and 11b show alternate embodi- 
ments wherein the flexible sheet has selectively conduc- 
tive and nonconductive surfaces on opposite surfaces 
and on edges of the material. 

Detailed Description of the Preferred Embodiments 

The invention provides a flexible shielding means 
that forms an attenuating barrier against propagation of 
electromagnetic radiation cither into or out of an enclo- 
sure. The shielding means comprises a composite of 
conductive and nonconductive material, arranged such 
that the conductive material is protected from unwanted 
contact with circuit parts or housing parts, and is adapt- 
ed to facilitate such contact where it is desirable. 

The shielding material can comprise conductive 
particles, fibers or filaments, lor shielding against EMI, 
such as elemental metal or metal alloys, metallized pol- 
ymer fibers, suspensions of conductive particles in a 
binder, etc. This material can be made generally in a 
flexible enclosure or part enclosure, that is as effective 
for EMI shielding as a sheet metal box arrangement, but 
due to its flexibility and loose bag or cover configuration, 
the shield of the invention is relieved of many of the man- 
ufacturing complexities and expenses associated with 
shaped boxes of metal, metallized plastic or the like. 

In the embodiment shown in FIGURE 1 , the shield- 
ing apparatus of the invention forms a flexible electrical- 
ly conductive envelope 10 for the shielded-circuit 12. 
The shielding apparatus is formed from an electrically 
insulating flexible sheet having a sheet of conductive fib- 
ers embedded therein. The conductive fibers are suffi- 
ciently dense and arranged in contact with one another, 
to obtain a resistivity, for example, of 10" 1 to 10* 2 iMD. 
This produces attenuation of electromagnetic interfer- 
ence or "EMI" of 50 to 60dB over a frequency range 
30MHz lo 1 0GHz, The conductive fibers forming a con- 
ductive aroa 1 4 aro spaced from at loast ono side of tho 
flexible sheet forming an insulating area 16 that is di- 
rected toward the shielded circuit (see FIGURE 2). The 
conductive fibers are coupled to circuit ground 18 via a 
suitable connecting element (not shown in FIGURE 1) 
such as a screw passed through the shielding envelope, 



or a conductive portion of the flexible sheet being 
pressed firmly against the exterior of a grounded sur- 
face, I/O connector or the like. 

In the embodiment shown in FIGURE 1. two thick- 
nesses of the sheet and its embedded fibers are at- 
tached at their edges to form a barrier 1 0 that as shown 
can be a two or more sided bag flexibly sized to receive 
at least one electrical circuit or device, such as a printed 
circuit card, disc drive, powe r supply or other subassem- 
bly, or perhaps an entire set of subassemblies forming 
the operative portions (within a housing) of a complete 
device such as a computer or the like Whereas the in- 
sulating layer 16 (see FIGURED) is oriented inwardly 
toward the electrical circuit, the shielding enclosure may 
reside very close to the circuit elements, preferably rests 
against certain of the circuit elements, and can move 
over the circuit elements because the conductive fibers 
are insulated from electrical contact by the nonconduc- 
tive flexible sheet 16, and remain spaced slightly from 
the electrical elements. Thus the structure resembles a 
loose shielding bag. Close positioning of the conductive 
portion 14 of the shield to the circuits in fact improves 
shielding effectiveness as compared to a conductive 
barrier that is spaced further from the shielded element. 

Referring again to FIGURE 1 , at one end of the en- 
velope a conductive I/O connector 22 is provided that 
allows an external element operatively to connect to the 
enclosed circuit card. Elsewhere on the envelope, an 
extension or neck (not shown) also can be provided to 
allow the shield enclosure to extend outwardly of the en- 
velope, for example to accommodate conductors (not 
shown). Such a neck is useful, for example, when the I/ 
O connector is arranged to carry signals through a wall 
of a conductive housing that shields a device, whereas 
the neck permits conductors to couple to other elements 
within the housing. 

The conductive material can be sheet metal, 
screen, wire mesh, knitted or braided wire or other con- 
ductive fiber(s) or filament(s), Woven wire, metal fibers, 
metal alloy fibers, metallized nylon fibers, conductive 
fabrics or the like. The conductive material is embedded 
in the flexible sheet in an amount sufficient to form an 
electrically conducting layer while also maintaining flex- 
ibility of the flexible sheet. According to one embodi- 
ment, the conductive material is conductive fibers 
formed from silver metallized nylon fibers, for example 
with 24 to 30% by weight of silver applied by an electro- 
less plating process. Copper or a copper-nickel alloy 
can also be used (e.g., at 40 to 60% by weight). 

The conductive fibers preferably form a nonwoven 
batt with a sufficient proportion of the adjacent fibers in 
electrically conductive contact !to obtain a resistivity of 
10 _1 to 10- 2 ti/Q Because only small-dimension gaps 
remain, between conductive fibers in the shielding ma- 
terial, the shielding barrier is effective for attenuating rel- 
atively high frequencies 

The flexible insulating she^t can be a thermoplastic 
polymeric material, such as polyethylene, polyethylene 
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terephthalate, polyvinyl chloride, or the like, polyethyl- 
ene being most preferred. According to an aspect of the 
invention, the thermoplastic nature of the insulating lay- 
er enables adjoining portions to be attached by heat 
welding facing portions. 

Accordingly, as shown in FIGURE 2, the conductive 
material, such as conductive fibers, can be arranged to 
continue the shielding barrier across one or more seams 
24 where the adjacent edges of the flexible sheet and 
embedded conductive fibers, come together. It is also 
possible that the adjacent portions can be attached by 
sewing, taping, adhering via apreferably-conductive ad- 
hesive, or by a mechanical fastening such as a slot and 
bead (Zip-lock) means. According to one arrangement, 
continuing the electrically conductive nature of the ma- 
terial across a seam 24 is accomplished by heat welding 
the edges of the material at the seam so that the con- 
ductive fibers come into electrical contact. This can be 
accomplished readily due to the thermoplastic nature of 
the insulating sheet and the preferred conductive fibers. 

A heat operation can be used to compress and melt 
the sheet at the seam, for bringing conductive filaments 
into electrical contact across ;the seam. The seam can 
then be trimmed, for example by die cutting, outside of 
the point at which electrical contact is made across the 
seam. 

Alternatively, the sheet can be sheared and heat 
sealed, preferably with compression, for causing the 
conductive fibers on the edges adjacent the seam to 
electrically engage, while ; simultaneously cutting 
through the two sheets. Hot cutting causes the thermo- 
plastic insulating material and the conductive fibers em- 
bedded therein to melt and reform along the seam line. 
It would also be possible toprovide other specific means 
to heat and compress the sheets with similar results to 
that obtained with a heated knife, such as ultrasonic 
welding together with compression, and this technique 
can also be used to provide shielding material that sub- 
divides a shielded enclosure into two or more subenclo- 
sures. 

The insulating sheet is preferably a thin, flexible, 
polyethylene sheet but having sufficient thickness to re- 
sist incidental damage, for example of 40 to 60 Ibs./ream 
(0.2 to 0.3 g/cm 2 ), preferably 48 Ibs./ream (0.25 g/cm 2 ). 
The embedded conductive material can be, for exam- 
ple, a metal plated nylon fiber. ,An HCI bonded silver plat- 
ed nonwoven nylon fiber is a preferred fiber material, 
such as silver Cerex (a trademark of James River-Nor- 
walk, Inc., Norwalk, CT). Another possible material is 
point-bonded silver plated non-woven nylon fiber, such 
as PBN-II (a trademark of Fiberweb North America, Inc., 
Greenville, SC). These materials allow a conductive 
seam to be formed simply by jheating and compressing 
to electrically join the conductive fibers through two or 
more layers. The structure is formed generally into a hol- 
low flexible envelope that loosely, but preferably also 
closely, surrounds the shielded circuit card or other com- 
ponent, and is coupled to a ground point on the circuit, 
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housing or the like. 

The metallized fiber can be embedded in the insu- 
lating sheet, for example by extrusion coating the non- 
woven metallized fiber bait with the polyethylene or oth- 
er insulating material. 

FIGURE 3 shows the physical connection between 
a flexible sheet 30 and the conductive I/O connector 22 
which provides an electrical ground point. A first and 
second gasket are formed in the edges of the flexible 
sheet and embedded fibers. In application the gaskets 
are pressed firmly against the exterior of the conductive 
I/O connector, for example from external pressure as 
shown generally by flanges 33, thereby compressing 
the foam core 32. The resulting reactive force presses 
the flexible sheet and embedded fibers against the ex- 
terior of the I/O connector 

In the embodiment shown in FIGURE 4, the gasket 
is formed in the flexible sheet and embedded fibers by 
placing a foam core 32 such as a strip of polyurethane 
foam or the like along an edge or widened strip of the 
flexible sheet and embedded fibers. The widened strip 
is folded over thereby encapsulating the foam core The 
flexible sheet and embedded fibers are then heat sealed 
or laminated to itself, to complete the foam encapsula- 
tion. The combined flexible sheet, embedded fibers and 
foam structure as shown in FIGURE 5 can then be die 
cut to the desired shape. 

The foam can comprise polyurethane in the 5-60 lb 
(2.3-27 kg) ILD range having a density of 1 to 6 lbs/ft 3 
(0.016to0.1 g/cm 3 ), the lighterends of the ranges being 
preferred for portable electronic devices to reduce 
weight. 

Alternatively the gasket can be formed in the flexible 
sheet and embedded fibers with out using a resilient 
core of polyurethane foam or the like. The flexible sheet 
can be manufactured from a suitably compressible ma- 
terial such that an additional core of compressible ma- 
terial is not required. For example, the sheet can be 
formed from a thick foam. When the sheet is folded over 
into a double thickness of thick foam, it is compressible 
and forms a gasket due to compression of the foam. 

The invention is also suitable for applications in 
which the flexible sheet generally defines an envelope 
that is open at one end, which end is formed to provide 
a means for coupling the envelope to other shielding or 
mounting surfaces via a conductive gasket formed at the 
end, preferably integrally with the material of the enve- 
lope walls. The "envelope" can have a seam arrange- 
ment forming edges and corners in the manner of a bag, 
or for relatively thin components such as circuit cards, 
the envelope can be formed by two flat sheets joined 
around a perimeter seam residing in a common plane 
as in FIGURES 6-8. For example, envelope 40 in FIG- 
URE 6 is formed with a seam 41 around the perimeter 
of two sheets, but lor a first and second flap 42 at an 
open end 44. The flaps 42 can be engaged under a con- 
ductive flange or the like (not shown in FIGURE 6) to 
achieve an electrical connection. 
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In FIGURE 7 the flaps 42 are folded over to double 
their thickness, thus providing compressible gasket 
shapes (due to the compressibility of the foam) that can 
be received between two opposed conductive elements 
(not shown). In addition as shown in FIGURE 3 and dis- 
cussed above, resilient core elements (32 in FIGURE 
3) can be incorporated in the folded over flaps 42 of FIG- 
URE 7. 

In operation the gaskets provide a compressible un- 
ion between the envelope and a shielding or mounting 
surface, particularly useful for obtaining a substantially 
gapless electrical connection between the shielding ma- 
terial of the envelope and the conductive material of a 
housing, circuit card flange or the like. The first and sec- 
ond gaskets are pressed against the shielding or mount- 
ing surface with compression of the gasket. 

FIGURE 8 is a side view showing the folded over 
gasket flaps 42 with the conductive material 14 spaced 
from the area between the facing sheets by the insulat- 
ing layer 16. In this arrangement, material 14 forms a 
conductive outer surface and the inside of the envelope 
is insulated. This flexible envelope can be connected to 
an external surface by clamping or bonding the gaskets 
to the surface via a conductive adhesive. Alternatively, 
the gaskets can be formed with at least one hole 46 
thereby allowing a fastener 48 to be passed though the 
gasket in order to fasten the gasket to an external de- 
vice, surface or the like, and if desired to make a through 
electrical connection. 

It is also possible to provide selective areas on ei- 
ther or both of the inner facing and outer facing surfaces 
that are conductive or insulating, respectively, as re- 
quired for a particular application. For example as 
shown in FIGURE 9, it may be desirable to provide an 
access opening through the shielding envelope, while 
still obtaining shielding when the device is operational. 
In FIGURE 9, an access opening is provided by a flap 
cut into the shielding material, preferably with means for 
protecting or insulating the edges of the flap and open- 
ing from electrical contact that could short the shield ma- 
terial to a point on the circuit (not shown in FIGURE 9). 
Such an access opening is useful, for example, as a 
means for removing or inserting various components 
such as memory chips and support chips, upgrade proc- 
essors, math co-processors and the like in computers. 

In FIGURES 9 and 10, the access opening is pro- 
vided by a simple flap 60 cut around three edges such 
that the flap remains attached on the fourth edge. To 
prevent shorting of the conductive layer 1 4along its edg- 
es against the circuit (not shown), means in the form of 
an insulating edge 62 can be provided around the pe- 
riphery of the flap on the outer edges of flap 60 as shown 
in FIGURE 10, or on the internal odgo of the access 
opening, or both, to avoid contact both by covering the 
edge of conductive layer 14 and Keeping flap 60 sub- 
stantially on the surface of conductive layer 1 4 rather 
than dropping into the access opening. The conductive 
layer 62 can be limited to the edge or provided over a 



short perimeter area on the upper or lower sides of flap 
60 or of the access opening The conductive layer can 
be a bead of silicone, an insulating adhesively attached 
tape, or another insulating material for preventing short- 
ing. 

FIGURES 11a and 116 show two exemplary alter- 
natives for insulating the conductive layer 1 4 around the 
edge of an opening. Such insulation may be appropriate 
for an access opening as in FIGURES 9 and 10, or oth- 
erwise needed to selectively provide surfaces on either 
or both of the internal and external surfaces. In FIGURE 
1 1 a, a bead of insulating material 62 is applied sufficient- 
ly to cover over the edge surface of conductive material 
14. In FIGURE 11b. a grommet-like insulating body 63 
is provided and overlaps the donductive and noncon- 
ductive surfaces 14, 16 on bottvsides, while also cover- 
ing over the edge of conductive sheet 14. 

It may also be desirable as shown in FIGURE lib 
to provide a selectively conductive layer on the side oth- 
erwise insulaled by layer 16. For example, a connection 
to a circuit element shown generally as post 65 may be 
desirable to provide a ground connection, and in addi- 
tion to making such a connection using a screw 67 and 
washer 69 to make an electrical connection between 
conductive layer 1 4 and post 65 through insulating layer 
1 6, it may be further desirable to provide surface contact 
between the underside or inside of conductive layer 14 
and the post, by providing a selectively conductive area 
on the inside of the shield, where such contact can be 
made. This can be accomplished, for example where 
insulating material 16 is applied or laminated to conduc- 
tive sheet 14, by selective application of the insulating 
material via die cutting prior to lamination, or via selec- 
tive application of a foam or other insulation to be cured 
in place. 

The conductive material can be sheet metal, 
screen, wire mesh, knitted or braided wire or other con- 
ductive fiber or filament or yarn, woven or non woven 
wire, metal fibers, metal alioy 'fibers, metallized nylon 
fibers, conductive fabrics or the like. The conductive ma- 
terial is embedded in the flexible sheet so as to form at 
least an area of conductive material in which the open- 
ing, having at least one edge, is formed. The conductive 
material forms an electrically conducting layer while also 
maintaining flexibility of the flexible sheet. 

The flexible insulating sheet can be a thermoplastic 
material, such as polyethylene/polyethylene terephtha- 
late, polyvinyl chloride, or the like, polyethylene being 
most preferred. The thickness of the coating may vary 
depending on various factors such as, hardness of the 
coating, required hardness or softness of the combined 
insulating sheet and conductive material, dielectric 
strongth of the insulating shoot and amount of roflow de- 
sired. 

Any required opening, for example for circuit access 
or passage of conductors, is preferably formed by cut- 
ting the flexible sheet and embedded conductive mate- 
rial into the desired shape. The opening shown in FIG- 
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URE 9 is essentially rectangular, but it will be appreci- 
ated that other shapes are possible and appropriate for 
particular uses. ; 

The edges of one or bo ; th of the conductive layer 
and the insulating layer are selectively placed to cover 
or to expose the conductive material, to extend the flex- 
ible insulating sheet beyond the edge of the conductive 
material or otherwise as appropriate. As an alternative 
to adding insulating material along an edge or the like, 
the insulating material adjacent the edge can be re- 
worked by reflowing the insulating material using heat, 
pressure, ultrasonics, heat and pressure, and other 
methods suitable to cause the insulating material to flow 
over and insulate edges where needed. The rework 
process can be selective, such as reflowing only to cov- 
er exposed conductive edges around an opening or to 
remove insulating materia! in a selected area so as to 
achieve electrical contact. During or after a reflow oper- 
ation additional steps such as cutting, addition of con- 
ductive or non-conduclive materials, use of adhesives 
for attachment or forming of an enclosure and the like, 
can be conducted as needed to conform to particular 
requirements. 

Whereas the conductive material is sufficiently 
dense to obtain a resistivity of; 1 0" 1 to 1 0- 2 12/Q shielding 
enclosures formed from the conductive material can at- 
tenuate by at least 50 to 60dB the high frequency elec- 
tromagnetic radiation produced. Such radiation is typi- 
cally generated on the orderiof the clock speed of the 
computer (e.g., 16 to 100MH7 or more) as well as the 
harmonics that are produced with generation of different 
frequency components and the ringing of the switched 
circuits. The material as described can provide such at- 
tenuation over a Irequency range of 30MHz to 1 X>GHz. 

Remaining gaps in the conductive material can be 
filled with a flexible material to reduce porosity and im- 
prove flame retardant characteristics. Prelerred flexible 
materials suitable for filling the conductive material in- 
clude urethane, CPE, PVC. n?oprene, latex and the like. 
The flexible insulation is selectively applied to the con- 
ductive material is preferably; fire retardant and heat re- 
sistant to 100°C, a preferred sheet being 2 to 10 mils 
thick and having a dielectric strength of approximately 
2,500 volts. 

The shielding enclosure as described can have in- 
tegral preferably-compressibjle conductive flaps or pe- 
rimeter gaskets for electrical connection or can be used 
together with other gaskets, conductive adhesives, 
clamping means or the like suitable to maintain electrical 
connection. 

The invention haying been disclosed in connection 
with the foregoing variations! and examples, additional 
variations will now bo apparent to porsons skillod in tho 
art. The invention is not intended to be limited to the var- 
iations specifically mentioned, and accordingly refer- 
ence should be made to the appended claims rather 
than the foregoing discussion of preferred examples, to 
assess the scope of the invention in which exclusive 
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rights are claimed. 
Claims 

5 

1. An electromagnetic shield, comprising: 

a flexible sheet comprising an electrically insu- 
lating material: 

10 a conductive material substantially coextensive 

with the flexible sheet and defining a shielding 
barrier, the conductive material being spaced 
from at least one surface of the flexible sheet 
over an area on at least one side of the flexible 

15 sheet, thereby presenting an insulating area, 

and the conductive material being exposed on 
a surface of the flexible sheet over another area 
of the flexible sheet, thereby presenting a con- 
tact area for coupling electrically to theconduc- 

20 live material: and, 

wherein the flexible sheet substantially forms 
an enclosure for a circuit element, the enclo- 
sure having an opening, and wherein the insu- 
lating area and the contact area are arranged 

25 selectively, for protecting portions of tho circuit 

element from contact with the conductive ma- 
terial, and for coupling the conductive material 
to a conductive body. 

30 2. In combination, a shield and a shielded circuit ele- 
ment, wherein: 

the shield has a flexible sheet comprising an 
electrically insulating material and a conductive 
35 material substantially coextensive with the flex- 

ible sheet and defining a shielding barrier, the 
conductive material being spaced from at least 
one surface of the flexible sheet over an area 
on at least one side of the flexible sheet, there- 
to by presenting an insulating area, and the con- 
ductive material being exposed on a surface of 
the flexible sheet over another area of the flex- 
ible sheet, thereby presenting a contact area 
for coupling electrically to the conductive mate- 
45 rial; and, 

wherein the flexible sheet substantially forms 
an enclosure for the circuit element, the enclo- 
sure having an opening, and wherein the insu- 
lating area and the contact area are arranged 
so selectively, for protecting portions of the circuit 

element from contact with the conductive ma- 
terial, and for coupling the conductive material 
to a conductivo body. 

55 3. The invention of claim 1 or claim 2, wherein the in- 
sulating area comprises an insulating lip of prede- 
termined width extending around a periphery of the 
opening for protecting said portions of the circuit el- 
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ement from contact with the conductive material. 

4. The invention of claims 1 , 2 or 3, wherein the flexible 
sheet comprises a flange associated with the open- 
ing, a part of the contact area being disposed on the 5 
flange. 

5. The invention of claim 4, wherein the flange is re- 
siliency compressible, thereby forming a conduc- 
tive gasket. 10 

6. The invention of claim 5, wherein the gasket is 
formed at least partly by folding the flexible sheet 
adjacent the opening. 

7. The invention of claim 6, further comprising a resil- 
ient core in the gasket, and wherein the flexible 
sheet is folded around the resilient core for resilient- 
ly bearing the contact area. 

8. The invention of any one of claims 1 to 7, wherein 
the flexible sheet is formed into a hollow envelope 
by at least one seam, and further comprising means 
for electrically connecting the conductive material 
across the seam. 

9. The invention of claim 8, wherein the conductive 
material is exposed on a conductive side of the en- 
velope opposite from the insulating face, and 
wherein the seam comprises a fold at which the 30 
conductive sides of adjacent portions of the flexible 
sheet are overlapped. 

10. The invention of any one of claims 1 to 9, wherein 

the opening is adapted to engage around an elec- 3S 
trical connector having conductors for traversing 
the shielding barrier. 

11. The invention of claim 10, wherein the electrical 
connector comprises an external conductive shield 40 
and the contact area is arranged to bear against 
said external conductive shield, for continuing the 
shielding bather along the connector. 
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